OBJECTIVE: To explore the effects of autologous platelet-rich clot releasate (PRCR) on proliferation and differentiation of adult rat tendon stem cells (TSCs) in vitro, following intense mechanical stretching. METHODS: TSCs were subjected to 8% mechanical stretching and subsequently incubated in control medium or medium supplemented with 2% or 10% PRCR. Collagen types I and III, peroxisome proliferator-activated receptor-g (PPARg), sex determining region Y-box 9 (SOX-9) and runt-related transcription factor 2 (RUNX2) concentrations were assessed via Western blotting and flow cytometry. Transforming growth factor (TGF)-b 1 and vascular endothelial growth factor concentrations were measured using enzyme-linked immunosorbent assay. Treated TSCs were also cultured in adipogenic, chondrogenic or osteogenic culture media. RESULTS: PRCR increased the number of TSCs, and the concentrations of collagen types I and III and TGF-b 1 . In contrast, PRCR significantly reduced PPARg, SOX-9 and RUNX2-positive cell numbers, and significantly reduced the numbers of TSCderived adipocytes, chondrocytes and osteocytes. CONCLUSION: PRCR induced tenocyte differentiation while suppressing the adipocyte, chondrocyte and osteocyte lineages believed to impede tendon healing.
Introduction
Tendons are subjected to frequent and intense mechanical loading, and excessive mechanical stress often leads to tendon lesions, which are collectively termed tendinopathies. Typical histopathological features of tendinopathy are accumulation of adipocytes, mucoid degeneration and tissue calcification. 1 Tendon stem cells (TSCs) have been identified in adult humans, mice, rats and rabbits. 2 These cells have the potential to differentiate into several cell types (including tenocytes, adipocytes, chondrocytes and osteocytes) and L Chen, S-W Dong, X Tao et al.
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differentiation towards these various cell fates may impact tendon healing.
Mechanical loading of TSCs in vitro has been used to assess intrinsic cellular stress responses and extracellular signalling events that may contribute to the pathophysiology of tendinopathy. 3, 4 Low-level mechanical stretching (4%) increase TSCs proliferation and promote the differentiation of TSCs into tenocytes, but more intense stretching (8%) has been shown to induce some TSCs to differentiate into cells of the adipocyte, chondrocyte or osteocyte lineages. 4 Potentially damaging mechanical stress may, therefore, direct TSCs towards nontenocyte lineages, resulting in lipid accumulation, mucoid formation and tissue calcification, which are the typical features of late-stage tendinopathy. 4 The platelet-rich plasma (PRP) fraction of blood contains a myriad of growth factors with the potential for tissue healing. Concentrations of many of these, including platelet derived growth factor (PDGF), epidermal growth factor, transforming growth factor (TGF)-β 1 and insulin-like growth factor (IGF)-1, are increased in tendons during healing. 5, 6 Autologous PRP has been used to promote the healing of tendons or ligaments. 7, 8 Active releasate of PRP (platelet-rich clot releasate [PRCR]) can stimulate TSC proliferation and collagen production in vitro, in addition to increasing the deposition of collagen-rich extracellular matrix. 9, 10 Studies have demonstrated that PRCR treatment can increase tenocyte numbers and the in vivo production of collagen types I and III, which are the main components of tendons. 9 -11 Treatment with PRCR following intense mechanical loading may also regulate the differentiation of TSCs towards nontenocyte lineages known to impede healing, but this has not been directly tested. The present study explored the effects of autologous PRCR on adult rat TSCs in vitro following intense mechanical stretching, in order to determine whether PRCR can improve tendon healing by suppressing TSC differentiation into adipocytes, chondrocytes and osteocytes.
Materials and methods

ANIMALS
This study took place at the Department of Orthopaedics, Southwest Hospital, Third Military Medical University, Chongqing, China. Male Sprague-Dawley rats (n = 9; 4 -6-weeks-old; 200 -250 g) were obtained from the Animal Experiment Centre, Third Military Medical University. The animal experiments in the study followed European Community guidelines for the care and use of experimental animals, 12 with free access to food and water, and housing in a 12-h light/12-h dark cycle. After an overnight fast, rats were fully sedated with 10 mg/kg ketamine administered by intramuscular injection and were sacrificed. The study was approved by the Ethics Review Committee of the Third Military Medical University.
RAT TSC ISOLATION AND CULTURE
The TSC isolation procedure was carried out as previously described. 2 Briefly, the patellar and Achilles tendons were dissected after the animals were sacrificed. The middle section of the tendon was minced into fine pieces (1 mm 3 ) and 100 mg of tissue was digested with 3 mg type I collagenase (Worthington Biochemical Corp., Lakewood, NJ, USA) and 4 mg dispase (Stem Cell Technologies, Vancouver, Canada) in 1 ml phosphate buffered saline (PBS; 0.01 M, pH 7.4) at 37°C for 1 h. The resulting cell suspension was centrifuged at 1500 g for 15 min, the supernatant was discarded and the cells were resuspended in Dulbecco's Modified Eagle's Medium (Gibco Life Technologies, L Chen, S-W Dong, X Tao et al.
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Gaithersburg, MD, USA) supplemented with 20% fetal bovine serum (Gibco Life Technologies) (growth medium). Cells were diluted to 10 cells/µl in the growth medium and cultured in 25 cm 2 flasks (5 ml/flask). The TSCs formed adherent colonies after 6 -9 days in culture. The colonies were then subcultured in new flasks for one or two passages, to obtain sufficient numbers of TSCs for further experiments. The cells were stained with 0.5% crystal violet (Sigma-Aldrich, St Louis, MO, USA) and observed under a light microscope.
PREPARATION OF PRCR
Blood (approximately 5 ml) was extracted from the heart of each rat after sacrifice using a 22-gauge needle. The blood was mixed with 1 ml sodium citrate (0.1 M), centrifuged at 400 g for 15 min, and the supernatant containing concentrated platelets (PRP) was collected. The PRP fraction comprised approximately 37% of the total blood volume. To activate the platelets, the PRP fraction was treated with 22 mM calcium chloride for 1 h at 37°C, followed by centrifugation at 2000 g for 10 min. The resulting PRCR was collected by aspiration and stored at 4°C until use.
CELL STRETCHING
The TSCs were subjected to cyclic uniaxial mechanical stretching using an in vitro system 4 comprising a control unit, driving motor and silicone dishes that were elastic, transparent and nontoxic. The culture surface measured 3 × 6 cm and was engineered with microgrooves (10 × 3 µm) oriented along the stretching axis. The silicone dishes were precoated with 10 µg/ml ProNectin ® F (Sigma-Aldrich) to promote cell attachment, and TSCs were plated at 5 × 10 4 cells/dish in growth medium. After incubation for 12 h, cyclic 8% stretching at 0.5 Hz was applied for 12 h. After stretching, the cells were cultured in growth medium alone or medium supplemented with 2% or 10% PRCR for 3 days. Parallel cultures that had not undergone stretching were used as controls. Cell morphology was examined by phase contrast light microscopy after stretching. Each treatment condition was performed using 20 silicone dishes and a minimum of six dishes were analysed. Experiments were performed in triplicate.
ADIPOGENESIS
After stretching, the TSCs were cultured in adipogenic medium (Iscove's modified Dulbecco's medium [IMDM] supplemented with 0.5 mM 3-isobutyl-1-methylxanthine, 1 µM hydrocortisone, 0.1 mM indomethacin and 10% rabbit serum [Sigma-Aldrich]) or adipogenic medium containing 2% or 10% PRCR for 21 days. Oil red O staining was performed after adipogenesis. Briefly, the medium was removed and cells were washed three times with PBS for 5 min each wash, fixed in 4% paraformaldehyde in PBS for 40 min at room temperature, then washed three times with PBS and twice with water (5 min per wash). The fixed adipocytes were incubated with 0.36% oil red O solution (Millipore, Billerica, MA, USA) for 50 min and washed three times with deionized water. Lipid droplets within adipocytes appeared red under light microscopy. Images were recorded, using a charge-coupled device camera, and 10 random fields (× 200 magnification) were analysed with SPOT™ software, version 5.0 (Diagnostic Instruments, Sterling Heights, MI, USA).
CHONDROGENESIS
After stretching, the TSCs were cultured in chondrogenic medium (high-glucose DMEM [Biofluids, Rockville, MD, USA] supplemented with 0.1 µM dexamethasone, 50 µg/ml ascorbic acid, 100 µg/ml sodium pyruvate, 40 µg/ml proline, 10 ng/ml TGF-β 1 , and 50 L Chen, S-W Dong, X Tao et al.
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mg/ml ITS + premix [Becton Dickinson, Franklin Lakes, NJ, USA]) or chondrogenic medium containing 2% or 10% PRCR for 21 days. Safranin O staining was performed after chondrogenesis. Cells were fixed in ice-cold ethanol for 1 h, washed twice with distilled water (5 min per wash), stained at room temperature for 30 min with toluidine blue O solution (Sigma-Aldrich), then rinsed five times with distilled water. Cells were examined as above. Stained glycosaminoglycan-rich matrix produced by chondrocytes appeared blue under light microscopy.
OSTEOGENESIS
After stretching, the TSCs were cultured in osteogenic medium (IMDM supplemented with 0.1 µM dexamethasone, 10 mM βglycerol phosphate and 0.2 mM ascorbic acid) or osteogenic medium containing 2% or 10% PRCR for 21 days. Alizarin red S staining was performed after osteogenesis. Cells were fixed in chilled 70% ethanol for 1 h, washed twice in distilled water (5 min per wash) stained with Alizarin red S (Millipore) at room temperature for 30 min, and washed five times in distilled water (3 min per wash). Cells were examined as above. Mineral deposits within osteocytes appeared orange-red under light microscopy.
DETERMINATION OF CELL PROLIFERATION
Manual cell counting and lysate protein concentration were used as indicators of TSC proliferation. Cell counts were performed 3 days after stretching, using a haemocytometer under a light microscope. The number of cells per field (equivalent to 0.1 µl of cell suspension) was counted, and the mean of four fields from each sample was recorded as cells/µl.
For estimation of cell numbers by lysate protein concentration, each culture plate was washed twice with PBS. Cells were harvested and resuspended in 100 µl radioimmunoprecipitation assay (RIPA) buffer (Beyotime, Shanghai, China) containing 1% phenylmethane sulphonyl fluoride protease inhibitor (Sigma-Aldrich) for 20 min at 4°C. The resulting lysate was centrifuged at 12 000 g for 30 min and the protein concentration in the supernatant was measured using a bicinchoninic acid (BCA) protein assay kit (Pierce Protein Research Products, Rockford, IL, USA).
WESTERN BLOTTING
Total protein was extracted from TSCs (5 × 10 6 cells) in RIPA buffer (Beyotime) and protein concentration was determined using a BCA protein assay kit (Pierce Protein Research Products). Protein (50 µg) was separated by 8% sodium dodecyl sulphate-poly acrylamide gel electrophoresis and electro phoretically transferred onto nitrocellulose membranes (Amersham Bioscience, Piscataway, NJ) at 80 V for 150 min. The membranes were blocked with 5% nonfat milk power in 0.1 M Tris buffered saline containing 0.1% Tween-20 (TBST; pH 7.4) for 30 min at room temperature, then incubated overnight at 4°C with one of the following primary antibodies: rabbit antirat collagen type I; rabbit antirat collagen type III; rabbit antirat peroxisome proliferator-activated receptor (PPAR)-γ; rabbit antirat sex determining region Y-box 9 (SOX-9); rabbit antirat runt-related transcription factor 2 (RUNX2); mouse antirat glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (all from Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1 : 1000 dilution). Membranes were washed three times with TBST and incubated with horseradish peroxidase-conjugated secondary antibodies (antirabbit or antimouse immunoglobulin (Ig)G-peroxidase conjugate, 1 : 2000 dilution; Jackson ImmunoResearch, West Grove, PA, L Chen, S-W Dong, X Tao et al.
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USA) at room temperature for 1 h. Specific protein bands were visualized with enhanced chemiluminescence detection reagents (Amersham Biosciences) and autoradiography. Any differences in protein loading were normalized to the GAPDH control.
FLOW CYTOMETRY
Flow cytometry analysis was used to determine the cell fractions (as a percentage of the total cell number) positive for PPARγ, SOX-9 and RUNX2. The TSCs were detached with trypsin, pelleted and resuspended at a final concentration of 1 × 10 6 cells/ml in staining buffer (BD Biosciences Pharmingen, San Diego, CA, USA). A 95-µl sample of cell suspension was incubated with 5 µl of rabbit antirat PPARγ, SOX-9 or RUNX2 antibody (all Santa Cruz Biotechnology; 1 : 1000 dilution) for 30 min in a covered ice bath. Antibodylabelled cell suspensions were washed three times with PBS (15 min per wash) and then incubated with fluorescein isothiocyanateconjugated goat antirabbit IgG (1 : 2000 dilution; Santa Cruz Biotechnology) for 30 min in a covered ice bath. Cells were washed three times with PBS (15 min per wash) then analysed on a FACSCalibur™ flow cytometer (BD Biosciences, San Jose, CA, USA). Data acquisition and analysis were performed using BD CellQuest™ Pro software, version 5.1 (BD Biosciences). The presence or absence of antibody staining was determined by comparison to the appropriate isotype control.
VEGF AND TGF-b 1 ELISA
Vascular endothelial growth factor (VEGF) and TGF-β 1 in cell suspensions were quantified using enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. All assays were performed in duplicate.
STATISTICAL ANALYSES
Data were expressed as mean ± SD. Pairwise comparisons were made using one-way analysis of variance followed by Fisher's protected least significant difference post hoc test. All statistical analyses were performed using SPSS ® version 14.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . A P-value < 0.05 was considered to be statistically significant. 
Results
Cultured
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staining with methyl violet. In response to 8% mechanical stretching, the TSCs became highly elongated and aligned along microgrooves in the axis of stretching (Fig. 1C) .
Cell numbers were significantly higher in cultures treated with 2% or 10% PRCR after stretching, compared with cultures subjected to stretching alone (P < 0.05 and P < 0.001, respectively; Fig. 2A ). In addition, protein concentrations in cell lysates from cultures treated with 2% or 10% PRCR following mechanical stretching were significantly higher than in control cell lysates (stretching alone) (P < 0.01 and P < 0.001, respectively; Fig. 2B ).
Treatment with 10% PRCR significantly increased levels of collagen types I and III and reduced levels of the adipocyte marker PPARγ, the chondrocyte marker SOX-9, and the osteocyte marker RUNX2 compared with control cultures (P < 0.05 for all comparisons; Fig. 3A ). PRCR treatment (2% or 10%) significantly reduced the proportions of PPARγ, SOX-9, and RUNX2-positive TSCs compared with control cultures (P < 0.05 for all comparisons; Fig. 3B ).
In addition, PRCR treatment significantly reduced the numbers of oil red O-positive TSC-derived adipocytes (Fig. 4A) , Safranin Opositive TSC-derived chondrocytes (Fig. 4B) and Alizarin red S-positive TSC-derived osteocytes (Fig. 4C) (P < 0.05 for all comparisons).
Treatment with 2% or 10% PRCR significantly increased VEGF levels compared with control cultures (P < 0.01 and P < 0.001, respectively; Fig. 5A ), but this increase was no longer significant when normalized to cell numbers (Fig. 5B ). PRCR treatment (2% or 10%) also significantly increased TGF-β 1 levels compared with control cultures (P = 0.01 and P < 0.001, respectively; Fig. 5C ). When normalized to cell numbers, TGF-β 1 was still significantly enhanced by 2% and 
10% PRCR treatment (P < 0.05 and P < 0.001, respectively; Fig. 5D ).
Discussion
Tendinopathy is a generic term for the clinical conditions that develop in and around tendons as a result of chronic mechanical loading stress. Tendinopathy is a complex clinical problem requiring lengthy management, with patients often responding poorly to treatment. 13 Genetic factors and ageing can contribute to tendinopathy, 14 but chronic mechanical stress is considered to be the major cause of tendon inflammation and degeneration. 15, 16 Several previous in vitro studies have explored the pathogenic mechanisms of mechanical loading on the development of tendinopathy. 17 -19 Cell proliferation of stretch-treated TSCs has been shown to be enhanced by incubation with PRCR, a blood fraction known to contain a variety of FIGURE 3: Effect of incubation with autologous platelet-rich clot releasate (PRCR) for 3 days on differentiation of rat tendon stem cells (TSCs), previously subjected to 8% mechanical stretching for 12 h, compared with TSCs treated with stretching alone (control). (A) Levels of collagen type I (Coll. I); collagen type III (Coll. III), peroxisome proliferator-activated receptor (PPAR)-γ, sex determining region Y-box 9 (SOX-9), runt-related transcription factor 2 (RUNX2), normalized to glyceraldehyde 3phosphate dehydrogenase, in TSCs treated with 10% PRCR or control cells. (B) Effect of 2% and 10% PRCR on the percentage of PPARγ-, SOX-9-and RUNX2-positive cells after 8% mechanical stretching, determined by flow cytometry. *P < 0.05, **P < 0.01 and ***P < 0.001 versus control; one-way analysis of variance followed by Fisher's protected least significant difference post hoc test 
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growth factors that can promote wound healing. 20 PRCR treatment in the present study markedly increased levels of type I and III collagen, suggesting that PRCR activated tenocyte differentiation or proliferation. PRP has previously been shown to induce chondrogenic differentiation of human mesenchymal stem cells, 21 indicating an influence on cell fate. It is not known, however, whether PRCR treatment simply facilitated the differentiation of progenitor cells already committed to the tenocyte lineage, or if PRCR-derived growth factors stochastically induced some pluripotent TSCs to differentiate into tenocytes.
Flow cytometry analysis revealed that PRCR dose-dependently decreased the relative numbers (cell fractions) of PPARγpositive, SOX-9-positive, and RUNX2positive cells in the present study, indicating that PRCR reduced TSC differentiation to adipocytes, chondrocytes and osteocytes, respectively. This was accompanied by a reduction in lipid accumulating TSC-derived adipocytes, mucoid forming TSC-derived chondrocytes and tissue calcifying TSCderived osteocytes. PRP has been shown to enhance tendon and ligament healing. 7, 8 In addition, PRCR has been shown to increase human tenocyte proliferation, collagen production and synthesis of VEGF and human growth factor in vitro, 9, 22, 23 and is considered to be a safe treatment for injured tendons. 7, 22 The results of the present study suggest that PRCR treatment promotes tenocyte differentiation in vitro. These differentiated tenocytes became activated to produce abundant collagen, which is necessary for the structural growth of injured tendons. Furthermore, PRCR inhibited the differentiation of adipocytes, chondrocytes and osteocytes that may impede proper healing. In vivo studies have begun to explore the efficacy of PRP 
treatment on tendons 8, 23 or ligaments 19, 24 and have indicated functional recovery and enhanced structural properties. 24 Platelet-rich clot releasate contains many growth factors (including VEGF, human growth factor, basic fibroblast growth factor, PDGF, IGF1 and TGF-β 1 ) with complex actions on TSCs. 25 Individual factors may enhance proliferation, migration and synthesis of matrix proteins such as types I and III collagen. 26 -28 While VEGF production was not significantly enhanced by PRCR at 2% or 10%, PRCR did significantly increase TGF-β 1 production in the present study. These results suggest that TGF-β 1 may have an important role in reducing TSC differentiation to adipocytes, chondrocytes and osteocytes, thus reducing the lipid accumulation, mucoid formation and tissue calcification known to exacerbate tendinopathy following detrimental mechanical stretching.
In conclusion, the present study has demonstrated that PRCR can inhibit TSC differentiation following mechanical stretching in vitro, resulting in a reduction in lipid accumulation, mucoid formation and FIGURE 5: Effect of incubation with 2% or 10% autologous platelet-rich clot releasate (PRCR) for 3 days on vascular endothelial growth factor (VEGF) and transforming growth factor (TGF)-β 1 production by rat tendon stem cells (TSCs), previously subjected to 8% mechanical stretching for 12 h, compared with TSCs treated with stretching alone (control). • Revised accepted 29 May 2012 Copyright © 2012 Field House Publishing LLP tissue calcification. These data show that PRCR treatment after mechanical stress can promote TSC proliferation and TGF-β 1 secretion, which may be related to a reduction in TSC differentiation towards nontenocyte lineages. PRCR may promote tendon healing both by facilitating the proliferation and differentiation of tenocytes, and by actively suppressing the differentiation of cell types known to impede the healing process.
